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subject of substantial dispute. Based on a model of the terrestrial
carbon cycle, Woodwell (this volume, Chapter 3, Section 3.3) reports a
range of 1.8 to 4.7 Gt of C per year at present. Other researchers
have suggested lower figures (see Table 3.3). All but the lowest
values in Woodwell1s range are impossible to reconcile with atmospheric
observations and present-day ocean models. A net biotic carbon source
of about 2 Gt/yr suggests that about 40% of all (fossil fuel plus
biotic) C02 emissions have been remaining in the atmosphere, whereas
a net biotic source near zero suggests about 60% of all anthropogenic
CC>2 emissions remain airborne.

There is also disagreement about whether significant regrowth of
forests in some areas and stimulation of plant growth ("fertilization")
by increased atmospheric CC>2 are taking place, perhaps countering
losses from deforestation. While the increasing amplitude of the
seasonal cycle may be interpreted as an indication of regrowth and
stimulation, there is as yet no direct evidence of regrowth and stimu-
lation of net ecosystem storage of carbon sufficient to balance the
apparent effects of deforestation. At the plant level, there are
arguments for increased growth? but at the community level, especially
in forests, the relevant mechanisms may be limited by other factors
(see Chapter 3, Section 3.3, and Chapter 6). Growth of much biomass
may be limited by availability of land, solar radiation, water, and
nutrients other than carbon. Inventories of biota and other measure-
ments (e.g., width of tree rings) are not sufficient at present to
resolve the debate.

Finally, there is dispute about the level of C02 in the atmosphere
in the last century before anthropogenic sources began to raise it.
The preindustrial (circa 1850) concentration probably lay in the range
250-295 ppm, with 260-280 ppm a preferred interval (see Machtar this
volume, Chapter 3, Section 3.4). Backward extrapolation of contemporary
observations based solely on estimated fossil fuel CO2 injections and
a constant airborne fraction leads to an estimate of about 290 ppm at
the turn of the century. Chemical and other measurements made at that
time span a range about the same value. Inferences from air trapped in
glacial ice and from deep-ocean measurements indicate concentrations in
the vicinity of 265 ppm in the middle of the last century. The dis-
crepancy between mid- and late-nineteenth century data, if real, might
partly be accounted for by emissions from the terrestrial biosphere.

For the period since about 1950, we have records of C02 emissions
from fossil fuels that are reliable within 10-15%. For the period
before this, the record of fossil fuel emissions is less reliable.

In view of the uncertainty and conflicting evidence about the
preindustrial concentration, fossil fuel emissions, the biotic con-
tribution, and ocean uptake, one reasonable approach is to use models
to project different outcomes based on different assumptions about the
various reservoirs and mechanisms (see Machta, this volume, Chapter 3,
Section 3.6). In the last few years, carbon cycle models, like energy
models and climate models, have become more sophisticated. There are
now several dynamic, process-oriented models that are making progress
in representing, for example, accumulation and decay of dead vegetation?
processing of carbon in soils and humus? and the biology, chemistry,